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A DIPLOID VARIETY IN THE CYSTOPTERIS 

FRAGILIS COMPLEX 

W. H. Wagner, Jr. and Dale J. Hagenah 

The mere perusal of fioristie manuals giv'es no clue, as a 
rule, to the genetic significance of many “varieties" listed. 
For example, sometimes so-called “varieties” are just growth- 
forms, some of them even the result of injuries. On the con¬ 
trary, many plants assigned this category possess phylogenetic 
importance, and in some cases have proved to l)e genetically 
isolated from other varieties of the same species. Observations 
on the ferns included in the Cystoyteris Jragilis comple.\ over 
the last twenty years indicate more and more strongly that 
some of the “varieties” may have considerable phylogenetic 
significance—in fact there is substantial evidence that some 
may merit interpretation as species rather than as varieties. 
Excluding those which presently seem to have but little or no 
importance in forming the populations of northeastern North 
American Cystopleris, there are eight taxa which warrant study 
to determine their inter-relationships, namely C. bulbifera (L.) 
Bernh., C. dickieana Sim, ('. fragilis (L.) Bernh. var. fragilis, 
C. f. var. laurendana Weath., ('. /. vai’. niarkayii Lawson, C. /. 
var. protrusa Weath., ('. f. ^■ar. simulans (Weath.) McGregor, 
and C. f. var. (ennesscensis (Shaver) McGregor. C’hromosome 
numbers of all of those forms have not been determined, but 


those which have been found in previous 



indicated 


that there might exist a diploid variety of C. fragilis with a 
chromosome number of n = 42, since the ])opulations investi¬ 
gated have yielded numbers of )i = 84 and 12(), i.e., tetraploid 
and hexaploid respectively. The writers have now found such 
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a diploid variely for the first time, as will be herein reported. 

We have also studied some of the differences between the two 

common eastern Ameri<‘an varieties, mackayii and proinisa, 

which are reputed to intergrade with each other. 'Phe evidence 

to be i)resente(l her<? indicate's that they may not actually be 

^ • % 

able to intergrade, at least in the usual sense. 

For making us the loan of the large Gray Herbarium s(M’i(*s 
of these plants, we wish to acknowledge the kiiuhiess of Ib'ed 
('. Hollins. We thank also l^klgar ^P. Wheny and ('onrad \ . 
Morton tor their assistance in v'arious ways. 

DiPi.oiD VARIETY OF (’. FRACiiLis: \ number of ne.w chromosoim* 
(lata W(‘r(' jiresented for these terns in an earli(‘r article (WagiUM’, 
1955). 'Pwo bulblet-producing, suspectedly hybrid, taxa, var. 
snnHliiiifi and a plant that was tentatively identified as var. 
Icnnrsscrnsis from th(^ Lake Superior ivgion, were found to possess 
chromosome complements of n = 84 and n = 12() lespectively. 
Although the chromosome numbers heretofore known for the 
putative parents satisfied an allopolyploid hypothesis for the 
hexaploid “var. Icnucsscensis,” the number known in “var. 
snnulans” was inconsistent. If the latter were an allopolyploid, 
the fact that the lowest number thus far repoi ted for C. fragilis 


or any of its ktiown varieties was n 


84 did not conform. 


The possibility was indeed rec'ognized, however, that then* 
might exist now or might have existed at some tiim* in the past 
more primitive populations of C. frogilis in which the chromo¬ 


some number was diploid, i.e., n 


bn / hif I 


We wish to report living populations of C. J'rngilis found 
in late spring, 1955, that do show the prcdict(‘d number of 
a = 42. During the course of his investigations of spores in 
the genus Cystoptcris, one of us (Plagenah) noticed that unusually 
small-sized spores occurred in certain collections of this complex 
that were lound in terr(*strial situations growing on soil rather 
than epipetrically on rocks. Wo decided to make cytological 

» Prediction of the possihh^ existt*nce, present or past, of <liph)id fra(jilis had 
already b(‘en anticipated by Manton (1050, pp. 121, 122) on different grounds, spe<-in- 
cally that two chromosome numbtTs were known in British ami Kurop(*an C. frauHis, 
n = 84 and 120. She wrote that “The relationship between numbers as different as 
126 and 84 may not at first leap to the ey(\ yet we can hardly doubt that w<^ are 
dealing w ith the upper members of a polyploid series, the lower ones of which are still 
to seek. If a form with a Karnetic number of 42 could be found we should have simple 
series of 12, S4, and 120. ... It may be that the diploid is extinct.” 



Wagner and Ilagenah, 


Cystoptcris fragilis Complex 




Fig. 1. Meiotic squashes showing n = 42. a. Cystopteris fragilis var. protrusa, 
Washtenaw Co., Mich: ai. East of Wylie and Portage Lake Rds., Dexter Township; 
a 2 . Cascade Glen, near Huron River Drive, Ann Arbor Twp.; as. Dexter-Huron 
Municipal Park, Scio Twp. b. C. bulbifrra. Thuja swamp, ca. 4 mi. w<»st of Lyons, 
Ionia Co., Mich. 


observations on sueli populations, as they occur in southern 
Michigan, as soon as the unfolding crosiers of spring formed 
sori of sufficient size and development to make chromosome 
counts feasible. In late May, therefore, a preliminary field 
trip was made, and collections of fixed cytological material and 
v'oucher specimens were obtained from two terrestrial popula¬ 
tions, one occurring in Lyndon Township, the other in Scio 


Township, in Washten 


County, not far from Ann Arbor. 


The former collection was the first examined: it proved disap¬ 
pointing, the results showing clearly n = 84 at meiosis, the 
same number that had been found in all other North Americaii 
populations thus far investigated with the exception of the 
glandular bulblet-bearing plant from the Great Lakes region. 
The matter was temporarily dropped at this point, and the 
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other collection was not examined for almost a week; but when 
observations were made of the latter, the soiight-for number was 
obtained, and meiotic s(iua.sh(‘s demonstrated that the chromo¬ 
some number was n = 42 (fig. 1). 

An at tempt was subsequently made to find out whether other 
terrestrial populations in the vicinity of Ann Arbor could be 
located (d both types, the tetraploid and diploid, and it was 
especially attempted to <lelermine whether the 84-numbered 
forms couhl be separated in the held from the 42-numbered ones. 
During the following month, three more populations were 
found of the diploid, and four more of the tetraploid. A list 
of them (plus two more n'cords of Cysloytcris bnlhifera) is given 
in Table I. 


VARIETIES MACKAYii AND i’rotrusa: It was sooii obvious that 
the tetraploid terre.strial populations represent the taxon C. 
fragilis var. mackajjii and the diploids var. prolrnsa. These 
two varieties are considenal to be endemii; to northeastern 
North American, and they were carefully described and dis- 
tinguishetl by Weatherby in 1935, who.se treatment has been 
followefl by all subsequent authors. Both of these varieties 
differ from the typical one of the species in having indusia of 
con.siderably smaller size, lh(‘ margins of which are nearly 
entire rath(‘r than deejjly cleft. Weatherby (op. cit.) distin¬ 
guished his var. prolrnsa from v'ar. macknyri on the basis pri¬ 
marily of its rhizome and the shape of its pinnae. From the 
present studiivs it is now po.ssible to give three additional con¬ 
trasts—their chromosome numbers, the coloration of their 
stipes, and the laminar textures. 

If there arc real differenc(\s in the respective habitats of the 
populations of var. tnackayii and var. proirusa that grow on 
the ground, it is not readily obvious in southern Michigan. 
It was hoped that there might be evideni and consistent dif¬ 
ferences, l)ut l)oth of th(‘ laxa occur in rich woods of the same 
aspect, shaded by oaks, hickories, maples, and (4ms, and growing 
in more or l(\ss loamy soil. Poison ivy {Rhus radicans) is a 
frecpient associate, ddieir hert)aeeous neighbors in the counties 
near Ann Arbor and D(‘troit eommoidy in(4ude Laporlca cana¬ 
densis, Aster spp., Eupaloriuni spp., and Thaliclrum dasycarpuni 
in the fall; and in tlie spring such ri(4i-woods plants as Ery- 
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Ihronium americamim, Dentaria laciniata, and Podophylhwi pelta- 
tum. In some soils the rhizomes grow nearly or quite super¬ 
ficially on the surface of the ground; in others they may be 
buried except for their aj)ic(‘s. Tlie only real difference we have 
been able to detect l)etween the habitats of the two taxa is that 
var. mackayii apparently has a much greater amplitude in habitat 
tolerance than var. protrvsa. \'ariety mackayii may occur 
perched up on old logs and woody roots. In the other variety 
such an occurrence has never been found: all of the populations 
thus far observed have been growing directly in soil at the level 
of the ground. Vari(‘ty mackayii not only grows on logs and 
roots, but will also be found on more or less dry, and sometimes 
rather exposed, soil road-banks, and, as is well known, grows 
also readily on rock cliffs, directly in the crevices of the rock. 

One of the sharpest distinctions observed in Michigan material 
of the two taxa involves the I'elative development of the pig¬ 
mentation of the petioles. The varieties are illustrated side- 
by-side in Plate 1224. In var. mackayii the stipes are mostly 
shiny dark-chestnut in color, at least in the lower half. (Typical 
C. fragilis var. fragilis from Europe and N. America also com¬ 
monly possesses this coloration), ^’ery young leaves that were 
collected and pressed in the early springtime may lack this 
pigmentation, but only one herbarium specimen that appears 
to be typical var. mackayii in the Gray Herbarium series has 
been seen which appears to 1 m‘ devoid of the pigmentation in 
the mature state of the leaf (“mature” in the sense of having 
fully developed, sporiferous sori.) This is a collection made 
on the Tennessee Hiver cliffs, opposite Knoxville, by Wherry 
and Benedict. However, in gxnieial, in large, well-developed 
fronds, the dark coloration of vai’. mackayii may extend even 
to the first pair of piniuu^ oi’ som(*times even beyond. The 
smaller the frond, as a rule, the less extensive is the relative 
development of the coloiation. Judging from the photograph 
of the Type of var. mackayii in th(' Gray Herbarium (Mill 
Brook, N. kk Dalhousie, Pictou, No\'a Scotia, July 30. 1875, 
A. If. Mackay) the pigmentation of its petioles is the same. 
In var. protrusa, by contrast, the stipes are generally merely 

or straw-colored. JJie dark coloration like that in 
vai’. mackayii occurs only at the \ery base of the stipe, running 
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at iiKKSI only a (-(Milinn'l(M- u|) the poliolo. Soino individuals 
may have mon' ('xlensiv(‘ j)i<»:menlalion of th(‘ stipes. l>nt the 
color is pale-hi'ownish at most. Also injuries sometimes ap|)ear 
to stimidate dark pigment at ion to Ix' produced in <'erlain sectors 
ol th(' jx'tiole. Hut th<‘ rich, dark chestnut-hrown of 
tunrkniiii has not Ixxmi ohserxxxl. 

1 h(‘ thick(M’ texture' ol \ar. nKicktii/ii may Ix' used to di.s- 
tiiifiiiish it Irom \'ar. pro/riisa in tin' lic'ld. ('spex'ially at the time 
ol spore' lormatie)!! in the' spring. ()n the' he^i’hai'ium she'et, 
more'e)\ e'r. t he' dist inci ions le-main in this respee-t. altheengh not 
see e)l)\’ionsly: the' ])innae' ol \ar. tiidckdif/i te'iiel tee ha\e' a liarel 
“leel” as e-om|)are'd with those' of spe'cinie'iis of var. protnim. 
I he' le*a\e's ol lix ing |)lanls ol \ar. nioclidpii staiiel mne'h meert* 
rigielly n|)i-ighl. and ihe'v r('sis| wilting afte'r e-ollee-tieen much 
me>re' than eh) those' ol \a.r. prolrusd. ,\lse) the' h'axe's of var. 

nidckitiiii are ceensieh'rahly h'ss fi’agih'. and tliev do not tenel 

le) bre'ak at the' l)a.se' as elo tho.se of \ ai'. profnina. 

As is we'll shown in the' typical e'xamph's in Idate 1224, the 
pinnae in var. mdckdi/i/ are' ge'ue'rally narreewer anei me)re remeete 
than the)se' eel t he' ot he'r in Ireenels eel e'e|nal size greewing in e*ejm- 
parahh' situations. 4'he h'axe's ejf \ ai’. prolrum, eni the e-enitrarv 

A ^ 

are me)re ample' anel ha\e' a some what “feathe'iy” appearane-e. 

I he latt.e'r aspe'e't is elne' te) the' lae't, that the) ha.sal se'e*e)ne.larv 

a 

se'gme'uts ol var. pro/rusd te'iiei to ha\e' elelinite petie)lules. 
pe)inte'd out hv \\ e'at lu'rhv in 

le)west .se'gme'iits eel var. nidckdiin are' meesth- meere' l)re)aellv ba.seel 

anel the' segments Ihe'in.se'lve's ceenform in ge'neral tee Weatlu'rbv’s 

% 

elese'ri))tieen ot Ix'ing eeidy shalleewlx^ toe)theel eer leelx'ei. anel with 
a lerejael. reenneh'el ape'x. and if men-e' ele'e'i)ly helx'el eefte'u lance'olate' 
e)r e)ble)ng-lane*e'olate'. 1 he* pinnnle)s ol \’ar. prolrusd are’ me)re' 

sharply lex>lhe'el eer have* mene' poinle'el le)be's. anel thev are) breeaeler 
being usually e)va.le*-lance'olale' to eh'ltoid-e)vale*. 


as 

his original eh'se-riptieen. The 


I .XBLi'; I. \ iwv (’ineo.Mo.soMi': ('ocnt.s i\ (’vsroi'riaus 
C. hulbijvni (L.) Henih. 

Thuja swamp, ra. t mi. \V of Lyoii.s Inni;, Mid,., .luiic 7 (Wauncr 
8080). 

Rocky woods, Grand Leilgc, Raton Co., Mich., .Juno 7 (Wagner 8078).. 
C. fragilis var. markniiii Lawson 

Thu,ia swamp, south of Lcve'iing. Lmmct C^>.. Mich.. .lunc 24 (W.-igncr 
8087). 


n 


42 

42 


84 
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Thuja swamp, ca. 4 mi. W of Lyons, Ionia Co., .Mich., .June 7 (Wagnor 

8079,8081).'.. 84 

Rich woods, near Heck and Plymontli Rds., Wayne C<>., .Mich., .May 27 

(Wagner 8074). 81 

Hoadl)aid<, Lml)ury R«l., lU'ar.Ioslin Lakt; ihl., Lyndon 'I'wp., Waslilenaw 

Co., .Mich. (Wagner 8071). 8-1 

Rock cliffs near Grand Ledge. Katon Co., .Mich., .Juik' 7 (Wagner 

8077).C.. S-l 

C. /. var. protriisd Weatherby 

Rich woods, l')berwhi(e’s Woods, .-\nn .\rbor, Waslitonaw ('<»., .Micli., 

May 27 (Wjigner 8072). 12 

Rich woods. Cascade Glen, Huron R. Drive, Ann Arbor I’wp., Wash¬ 
tenaw Co., Mich., .May 27 (Wagner 8073). 42 

De.xter-IIuron Park, Scio Twp., Washtenaw Co., Mich., .May 20 (W.agiu'r 

8070)..'. 12 

Last of Wylie .and Portagi* Lake Rds., De.xter d'wp., .May 29 (W.agiK'r 
8075)_'.'. 42 

The rliiznme.s of tln‘ two enlititas are u.snally (piile iiiilikt*, 
and most authors liave emphasized this difference. 'J'hose of 
var. niackayii generally have very .short internodes, the leaves 
being borne in juxtaposition, and those of var. proinisa hav(“ 
very long internodes, the leaves being, accordingly, very wichdy 
separated. In the latter taxon the shoot ajjex protrudes usually 
a couple of centimeters, at least, beyond th(‘ leaves, d'his 
condition does not show of cour.s(* so well in tlu' fall and wintcu', 
and it should be pointed out that wIumi (he haives ar(‘ not pre.s(Mil 
the individual stems of the two entities can (U'casionallv be 
confiKsed. For example, certain individuals of soil-grown plants 
of var. tnackayii may have long lateral bi’anclu's, tin* internodes 
of which are as long as tho.se of var. protrusa or nearly so. AVeat h- 
erby has already noted (op. cit.) that individual specimens of 
another taxon (sitnulans) may have rep(Mit rootstocks as long 
and as sparsely covered with old leaf ba.s('s as those in var. 
prolrusa under unusual conditions (d growth “such as, |)crhaps, 
the burying of the plant under leaf-mold or earth.” AA’e should 
like to caution collectors that the same phenonuMion may also 
take place in var. niackayii as well, and we luue sonu' line 
examples collected along r(jadbanks on Ibx'. Hoad, Lyndon 
Township, AA'ashteiiaw Co., Michigan on September II. 11)55, 
some of the branches of which have internodes that are fully 
as long as those that are characteristic in var. proinisa. 

discussion: The two taxa under consideration here may be 
separated In' an en.semble of four morphological characters 
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(internodal l(Migth of rhizomes, coloration of stiix's, lextun' of the 


laminae, and cutting of the leaves) and by the cytological 
diffei’enc(' in chromosome' number. Although any oik' of the 
morphological charactf'rs may overlap in some' e-ase's in the' two 


e'litities, as a group the' me)rphoIogie;al e*harae‘t,e'rs “heelel toge'the'i'” 
suffie’iently te) make the'ir identifieaitieni elependable. The elif- 
lerene-e in edire)mosome' number inelicates that in all pre)bability 



the plants de) not “intergraele” in the genetical sense, (d'he 

exists, he^weiver, e)f seelitary inte'rmeeliate, sterile, 

triple)id hybriels arising, anel lorming e*le)ne's, anel we' sheeulel 

pre)bably se'ek sue'h foians where the' parents greew in preeximily.) 

The' 1 we> taxa are alme)sl unele)ubte'ellv well isolate'el from e'ae-h 

% 

e)ther bee-ause' eef their elitlerent gene)mes, anel ste'ady anel gradual 
ge'iie exe'hange' betwee'ii the'in is unlikely. 

rhe eliple)iel prolrusd is a southern variety primarily, ranging 
consielerably south e)f the' knejwn te'traploiel taxa in the' Cjjslop- 
ttris fragilis eaemplex; it apparently gets ne) furthe'r north than 
se)utheastern New Yeerk and iMinne.sota. In iVIie-higan it appe'ars 



ma\' 


te) be confined to the seeuthern part of the state'. Taxon mackaiiii 
e'xtends in the e'ast only as far south as North ('ai’e)lina, Tenne's.se'e, 
anel Missouri, anel the'i’e' e)nly in the uplanels, while 
ranges as far sejuth as Alabama anel Louisiana, 
be femnd northward all the way tee the C'anaelian l)orele'rs, ex¬ 
tending at least into southern Quel)ce. In Miediigan it ranges 
threeughout the state, ine-luding the Upper Peninsula. 

The questie)n of the' taxonomie* interpretation of these two 
taxa is now emphasizeel by the recent conclusion of Love that 
when different chrome)se)me' numbers are met with in morphe)- 
le)gie*ally (listinguishable> 




not as “int|■aspee‘ifie‘ e*hre)me)se)me rae'e's” but as elistineM specie's. 


Should “var. prolrnsa 


y y 


a 


and ’var. 



be 



as 


species? Due te) the' st.eM’ility barrier of elilfei’e'jit ehre)me)se)me 
numbers, sue'li ty])e's ai’e' not e*lassifial)le*, ace*e)rding to la‘5ve 
(1955) as subspee'ies or \arieties only, but they sheeuld be e*las- 
sitied inste'ael inte) the' categeery e)f sej)arate) spee’ies. In the 
present e*ase', there is no ejuestie)n that real me)rphe)logie*al (and, 
judging freem what is kne)wn of their ranges and habitat ampli- 
tueles, physie)logieal as well) elifferene-es eh) exist bet we'd) the 
taxa prolrufia and niackayii. It is e*oneeivable, therefore, that 
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we shall in the future he led to interpret them as distinct species, 
coordinate with C. bulbifera and C. moniana. However, it 
would be premature to take this action until the whole world¬ 
wide complex is subjected to examination, and we hope that 
such a broad investigation will materialize. 

Summary 

Earlier studies of the Cystoj)leris fragilis complex led to a 
prediction that a diploid variety might exist. Such a diploid 
has now been found, with n — 42, in terrestrial habitats in 
southern Michigan. The diploid is var. 'protrusa Weatherby; 
but a tetraploid in the same region is var. mackayii Lawson. 
Studies of these two taxa revealed some distinctions not hereto¬ 
fore emphasized, and they may be separated by the following 
ensemble of characters; (a) internodal length of stems; (b) 
coloration of petioles; (c) texture of laminae; and (d) cutting 
of leaf-blades. Since the taxa are well isolated by their different 
genomes, and since they are readily distinguished morphologically, 
they may constitute distinct species.— university of Michigan, 

ANN ARBOR, AND CRANBROOK INSTITUTE OF SCIENCE, BLOOM¬ 
FIELD HILLS, MICHIGAN. 
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